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(54) Machine having an operating unit movable in a plane 



(57) A machine (1 )(42)(43) wherein a frame (2) sup- 
ports at least one operating unit (3) (3a ,3b) (3c) via the 
interposition of an actuating device (4) for enabling the 
operating unit (3)(3a,3b)(3c) to move in a plane; and 
wherein the actuating device (4) is defined by two elec- 
tric motors (14,24) (14,24a,24b) (14c,24c) ; the respec- 



tive axes (6,21) (6,21 a,21b) of which are perpendicular 
to the plane of movement of the operating unit (3) (3a, 
3b) (3c); and wherein a rotor (15) (25) of one (14) (24) 
of the two motors (14,24) is supported by the frame (2) 
and eccentrically supports a stator (23)(13) of the other 
motor (24) (14), a rotor (25)(15) of which supports the 
operating unit (3) in an eccentric position. 
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Description 

[0001] The present invention relates to a machine. 
[0002] More specifically, the present invention relates 
to a machine of the type comprising a supporting frame; 
an operating unit fitted movably to said frame; and an 
actuating device for moving the operating unit with re- 
spect to said frame and with respect to at least two axes 
defining a travel plane; the operating unit comprising an 
operating head movable with respect to said frame 
along at least one further axis. 
[0003] The actuating device of known machines of the 
above type normally comprises a first straight slideway 
along which runs a first powered slide supporting a sec- 
ond straight slideway, the projection of which on said 
plane forms an angle of other than zero with the projec- 
tion of the first slideway on the same plane. The actuat- 
ing device also comprises a second slide mounted to 
run along the second slideway and supporting the op- 
erating unit. 

[0004] Known machines of the above type have the 
drawback of being fairly bulky. That is, the length of each 
slideway is determined by the size of the relative slide 
in the direction of the slideway, plus the travel of the slide 
and the length of two telescopic guards located on op- 
posite sides of the slide to protect the slideway, so that 
the size, in said plane, of the slideways and slides as a 
whole for moving the operating unit in said plane is at 
least twice the amount of travel permitted. 
[0005] Moreover, the structure of the straight slide- 
ways is complicated by the presence of mechanical 
stops or bumpers for arresting the slides and preventing 
them from running off the slideways in the event of im- 
proper operation of the slides, and the strength of which 
is directly proportional to the traveling speed of the 
slides. 

[0006] Finally, moving the operating unit in said plane 
using translating slides calls for moving the slides con- 
tinually back and forth along the relative slideways, thus 
resulting in severe inertia, which severely impairs the 
accuracy of the machine unless provision is made for a 
fairly rigid, heavy frame, which is therefore also fairly 
bulky and expensive to produce, install and assemble. 
[0007] It is an object of the present invention to pro- 
vide a machine of the above type designed to eliminate 
the aforementioned drawbacks. 
[0008] According to the present invention, there is 
provided a machine comprising a supporting frame; an 
operating unit fitted movably to said frame; and an ac- 
tuating device for moving said operating unit with re- 
spect to said frame and parallel to a given plane; char- 
acterised in that said actuating device comprises a main 
electric motor in turn comprising a main stator integral 
with said frame, and a main rotor fitted to the main stator 
and rotating about a main axis with respect to the main 
stator; and at least one secondary electric motor in turn 
comprising a secondary stator integral with said main 
rotor, and a secondary rotor fitted to the secondary sta- 



tor and rotating about a secondary axis movable with 
said main rotor; said main axis and said secondary axis 
being perpendicular to said plane, and being separated 
from each other by a first given distance of other than 

5 zero; said operating unit being supported eccentrically 
by said secondary rotor; and said first distance being 
less than a radius of the main rotor. 
[0009] A number of non-limiting embodiments of the 
invention will be described by way of example with ref- 

10 erence to the accompanying drawings, in which: 

Figure 1 shows a schematic front view, with parts 
removed for clarity, of a machine in accordance with 
the teachings of the present invention; 
'5 Figure 2 shows a top plan view of the Figure 1 ma- 
chine; 

Figure 3 shows a first variation of the Figure 1 ma- 
chine; 

Figure 4 shows a second variation of the Figure 1 
20 machine. 

[0010] Number 1 in Figure 1 indicates as a whole a 
machine comprising a frame 2 supporting an operating 
unit 3 - of the type described, for example, in the present 

25 Applicant's European Patent No. 0563862 - by means 
of an actuating device 4 for moving operating unit 3, with 
respectto frame 2, parallel to a reference plane P, which, 
in the example shown, is horizontal, but which, in other 
embodiments not shown, may be other than horizontal. 

30 [0011] Frame 2 comprises a cylindrical bed 5, which 
has a longitudinai main axis 6 perpendicular to plane P 
and supports, at a top surface 7 parallel to plane P, a 
tubular body 8, a first end of which is connected inte- 
grally to bed 5 along an outer periphery of surface 7, 

35 and a second end of which is fitted integrally with an 
inner flange defined by an annular plate 9 coaxial with 
main axis 6. Frame 2 supports a work table 1 0, which is 
located on surface 7 of bed5, inside tubular body 8, and 
is accessible from the outside through two diametrical 

40 openings 1 1 (only one shown) formed in tubular body 8. 
[0012] At its inner periphery, annular plate 9 supports 
a further tubular body 1 2, which is coaxial with main axis 
6, and an inner lateral surface of which is fitted integrally 
with a main stator 13 of a known main electric torque 

^5 motor 14 coaxial with main axis 6. In addition to main 
stator 13, main torque motor 14 also comprises a main 
rotor 1 5 having a cylindrical outer lateral surface 45 and 
defining an intermediate portion of a furthertubular body 
1 6 coaxial with main axis 6. Tubular body 1 6 is support- 

50 ed, at one end housed inside tubular body 8, by tubular 
body 8 itself via the interposition of a crossed-tape red- 
roller bearing 1 7 coaxial with main axis 6, and is closed 
at the other end by a flat circular plate 1 8 parallel to plane 
P. Tubular body 12 supports a known hydraulic device 

55 1 9 for cooling main stator 1 3. 

[0013] Plate 18 has an eccentric through hole 20 co- 
axial with a secondary axis 21 , which is parallel to main 
axis 6 and separated from main axis 6 by a first given 
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distance D1 which is less than a radius of main rotor 15. 
[0014] At hole 20, plate 18 supports a further tubular 
body 22 coaxial with axis 21 , and an inner lateral surface 
of which is fitted integrally with a secondary stator 23 of 
a known secondary electric torque motor 24 coaxial with 
secondary axis 21 and comprising a secondary rotor 25, 
which has a cylindrical outer lateral surface 46 and de- 
fines an end portion of a further tubular body 26 coaxial 
with axis 21 . The projection on plane P of the outer lat- 
eral surface 46 of secondary rotor 25 is within the pro- 
jection on plane P of the outer lateral surface 45 of main 
rotor 15. 

[0015] The end of tubular body 26 housed inside tu- 
bular body 22 is supported by tubular body 22 itself via 
the interposition of a crossed-tapered-roller bearing 27 
coaxial with secondary axis 21 . 
[001 6] Tubular body 26 is fitted with a flat intermediate 
plate 28 parallel to plane P and having an eccentric 
through opening 29, which is coaxial with an axis 30 par- 
allel to main axis 6 and separated by a second given 
distance D2 from secondary axis 21 . Operating unit 3 is 
. fitted through opening 29, is of known type, and com- 
prises a substantially parallelepiped-shaped casing 31 
supported by plate 28 and connected to plate 28 at an 
outer intermediate flange 32; a powered cylindrical 
sleeve 33 coaxial with and movable along axis 30; and 
a toolhead 34, which, in the example shown, is fixed with 
respect to sleeve 33 and comprises a spindle 35 for ro- 
tating a tool 36, coaxial with axis 30, about axis 30, but 
which, in variations not shown, is mounted to move, with 
respect to sleeve 33, about two or more separate axes. 
[0017] Tubular body 22 is fitted integrally with a feed- 
back sensor 37, which is movable with main rotor 15 
along a graduated scale 38 drawn on the outer surface 
of tubular body 1 2 to emit a signal indicating the angular 
position of main rotor 15 about main axis 6 and with re- 
spect to frame 2; and rotor 25 is fitted integrally, by 
means of a bracket 39, with a feedback sensor 40, which 
is movable with rotor 25 along a graduated scale 41 
drawn on the outer surface of tubular body 22 to emit a 
signal indicating the angular position of rotor 25 about 
secondary axis 21 and with respect to tubular body 22. 
[0018] In actual use, actuating device 4 moves oper- 
ating unit 3 in plane P by combining rotation of the two 
rotors 15 and 25 about axes 6 and 21. Main rotor 15 
rotates both operating unit 3 and secondary rotor 25 
about main axis 6, and secondary rotor 25 in turn rotates 
operating unit 3 about secondary axis 21 . 
[0019] Axis 30 of operating unit 3 can be positioned 
by actuating device 4 at any point on an annular surface 
having, in absolute value, an outside radius of D2+D1 , 
and an inside radius of D1 -D2. When, as in the example 
embodiment described, second distance D2 equals first 
distance D1 , said annular surface is a flat, substantially 
circular surface. 

[0020] Machine 1 as described has the advantage of 
being smaller than known machines, on account of its 
overall cylindrical structure being much more compact 



than those of linear-axis machines. Moreover, any forc- 
es transmitted by operating unit 3 to motors 14 and 24 
are discharged on frame 2 in the form of distributed ten- 
sile and compression stress which frame 2. being sub- 
5 stantially cylindrical, can easily absorb without too much 
trouble. As a result, for a given rigidity, frame 2 may be 
much lighter than those of corresponding linear ma- 
chines. 

[0021] Machine 1 also has the further advantage of 
10 not requiring mechanical stops, by the movements of 
operating unit 3 being achieved by a combination of cir- 
cular movements. 

[0022] The Figure 3 embodiment relates to a machine 
42 similar to machine 1 , and the component parts of 
15 which are indicated, wherever possible, using the same 
reference numbers as for corresponding parts of ma- 
chine 1. 

[0023] Machine 42 provides for simultaneously work- 
ing two identical parts and/or for simplifying any tool- 

20 change operation with no downtime involved. For which 
purpose, machine 42 differs from machine 1 by plate 1 8 
having two eccentric through holes 20a, 20b. Hole 20a 
is coaxial with a secondary axis 21 a parallel to main axis 
6 and separated from main axis 6 by a given distance 

25 D1 ; and hole 20b is coaxial with a secondary axis 21 b 
parallel to main axis 6 and separated from main axis 6 
by a given distance D1 . More specifically, holes 20a, 20b 
are diametrically opposite and symmetrical with respect 
to main axis 6. 

30 [0024] At hole 20a, plate 18 supports a secondary 
electric torque motor 24a, which comprises a secondary 
stator 23a and a secondary rotor 25a, both coaxial with 
secondary axis 21 a. Secondary rotor 25a has a cylindri- 
cal outer lateral surface 46a, and is fitted integrally with 

35 an eccentric operating unit 3a coaxial with an axis 30a 
parallel to and separated by a distance D2 from second- 
ary axis 21a. 

[0025] Operating unit 3a is similar to operating unit 3 
of machine 1 , and comprises a substantially parallele- 

40 piped-shaped casing 31a supported by plate 28a and 
connected to plate 28a at an outer intermediate flange 
32a; a powered cylindrical sleeve 33a coaxial with and 
movable along axis 30a; and a toolhead 34a, which, in 
the example shown, is fixed with respect to sleeve 33a 

45 and comprises a spindle 35a for rotating a tool 36a, co- 
axial with axis 30a, about axis 30a, but which, in varia- 
tions not shown, is mounted to move, with respect to 
sleeve 33a, about two or more separate axes. 
[0026] At hole 20b, plate 16 supports a secondary 

so torque motor 24b, which comprises a secondary stator 
23b and a secondary rotor 25b, both coaxial with sec- 
ondary axis 21 b. Secondary rotor 25b has a cylindrical 
outer lateral surface 46b, and is fitted integrally with an 
eccentric operating unit 3b coaxial with an axis 30b par- 

55 allel to and separated by a distance D2 from secondary 
axis 21b. 

[0027] Operating unit 3b is similar to operating unit 3 
of machine 1 , and comprises a substantially parallele- 



5 

piped-shaped casing 31b supported by plate 28b and 
connected to plate 28b at an outer intermediate flange 
32b; a powered cylindrical sleeve 33b coaxial with and 
movable along axis 30b; and a toolhead 34b, which, in 
the example shown, is fixed with respect to sleeve 33b 
and comprises a spindle 35b for rotating a toot 36b, co- 
axial with axis 30b, about axis 30b, but which, in varia- 
tions not shown, is mounted to move, with respect to 
sleeve 33b, about two or more separate axes. The pro- 
jection on plane P of each of outer lateral surfaces 46a 
and 46b is within the projection on plane P of outer lat- 
eral surface 45 of main rotor 1 5. 
[0028] The Figure 4 embodiment relates to a machine 
43 similar to machine 1 , and the component parts of 
which are indicated, wherever possible, using the same 
reference numbers as for corresponding parts of ma- 
chine 1. 

[0029] Machine 43 differs from machine 1 by the free 
end of tubular body 8 supporting a cup-shaped body 44 
fitted onto tubular body 8 and comprising an annular end 
wall defined by an annular plate 9c, which is coaxial with 
main axis 6 and is fitted integrally with a main electric 
torque motor 14c. Main torque motor 14c comprises a 
main stator 1 3c coaxial with main axis 6 and integral with 
annular plate 9c, and a main rotor 15c also coaxial with 
main axis 6 and having a cylindrical outer lateral surface 
45c. Main rotor 15c is integral with a tubular body 22c 
coaxial with main axis 6 and connected in rotary manner 
to cup-shaped body 44 via the interposition of a crossed- 
tapered-roller bearing 27c coaxial with main axis 6. 
[0030] Tubular body 22c supports a known hydraulic 
device 19c for cooling main rotor 15c, and is fitted inte- 
grally at the bottom end with an annular plate 1 8c par- 
allel to plane P and having an eccentric through hole 
20c coaxial with main axis 6 and fitted through with tu- 
bular body 8. 

[0031] The outer periphery of plate 1 8c is fitted inte- 
grally with a secondary electric torque motor 24c com- 
prising a secondary stator 23c defining an intermediate 
portion of a further tubular body 1 6c coaxial with a sec- 
ondary axis 21 parallel to and separated by a first given 
distance D1 from main axis 6. Secondary torque motor 
24c comprises a secondary rotor 25c coaxial with sec- 
ondary axis 21 and having a cylindrical outer lateral sur- 
face 46c. Secondary rotor 25c is integral with a tubular 
body 12c connected in rotary manner to tubular body 
16c via the interposition of a crossed-tapered-roller 
bearing 1 7c coaxial with secondary axis 21 ; and tubular 
body 12c supports known hydraulic device 19c for cool- 
ing secondary rotor 25c. 

[0032] The outer periphery of tubular body 1 2c is fitted 
with operating unit 3c, which is similar to operating unit 
3 of machine 1 and comprises a substantially parallele- 
piped-shaped casing 31c connected to tubular body 12c 
at an outer intermediate longitudinal fastening plate 32c. 
Operating unit 3c also comprises a powered cylindrical 
sleeve 33c coaxial with and movable along an axis 30c 
parallel to main axis 6 and separated by a given distance 
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D2 from secondary axis 21 ; and a toolhead 34c which, 
in the example shown, is fixed with respect to sleeve 
33c and comprises a spindle 35c for rotating a tool 36c, 
coaxial with axis 30c, about axis 30c. In variations not 

5 shown, toolhead 34c is mounted to move, with respect 
to sleeve 33c, about two or more separate axes. 
[0033] Tubular body 22c is fitted integrally with a feed- 
back sensor 37c, which is movable with main rotor 15c 
along a graduated scale 38c drawn on the outer surface 

10 of tubular body 1 2c to emit a signal indicating the angu- 
lar position of secondary rotor 25c about secondary axis 
21 and with respect to frame 2; and main stator 13c is 
fitted integrally, by means of a bracket 39c, with a feed- 
back sensor 40c, which faces a graduated scale 41c 

15 drawn on the outer surface of body 22c and movable 
with main rotor 1 5c to emit a signal indicating the angular 
position of main rotor 15c about main axis 6 and with 
respect to tubular body 22c. 

[0034] The projection of outer lateral surface 45c of 
20 main rotor 1 5c on plane P is within the projection of outer 
lateral surface 46c of secondary rotor 25c on plane P. 



1. A machine (1) (42) (43) comprising a supporting 
frame (2); an operating unit (3) (3a,3b) (3c) fitted 
movably to said frame (2); and an actuating device 
(4) for moving said operating unit (3) (3a, 3b) (3c) 

30 with respect to said frame (2) and parallel to a given 
plane; characterised in that said actuating device 
(4) comprises a main electric motor (14) (14c) in 
turn comprising amain stator (13)(13c) integral with 
said frame (2), and a main rotor (15) (15c) fitted to 

35 the main stator (1 3) (1 3c) and rotating about a main 
axis (6) with respect to the main stator (13) (13c); 
and at least one secondary electric motor (24) (24a, 
24b) (24c) in turn comprising a secondary stator 
(23) (23a,23b) (23c) integral with said main rotor 

40 (15) (15c) , and a secondary rotor (25) (25a,25b) 
(25c) fitted to the secondary stator (23)(23a,23b) 
(23c) and rotating about a secondary axis (21 )(21 a, 
21b) movable with said main rotor (15) (15c): said 
main axis (6) and said secondary axis (21) (21a, 

45 21b) being perpendicular to said plane, and being 
separated from each other by a first given distance 
of other than zero; said operating unit (3) (3a,3b) 
(3c) being supported eccentrically by said second- 
ary rotor (25)(25a,25b)(25c); and said first distance 

50 being less than a radius of the main rotor (1 5) (1 5c). 

2. A machine (1) (42) (43) as claimed in Claim 1, 
wherein said operating unit (3) (3a,3b) (3c) has a 
longitudinal axis (30) (30a,30b) (30c) parallel to said 

55 main axis (6) and said secondary axis (21)(21a, 
21b). 

3. A machine (1) (42) as claimed in Claim 1 or 2, 
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wherein said operating unit (3) (3a,3b) has a longi- 
tudinal axis (30) (30a,30b) separated from said sec- 
ondary axis (21 ) (21 a,21 b) by a second distance of 
other than zero and (ess than a radius of the sec- 
ondary rotor (25) (25a,25b). 

A machine (1) (42) as claimed in Claim 3, wherein 
said second distance equals said first distance. 



10 



5. A machine (1) (42) as claimed in Claim 3 or 4, 
wherein said operating unit (3) (3a,3b) extends 
through at least said main rotor (15) (15c) or said 
secondary rotor (25) (25a,25b) . 



6. A machine (43) as claimed in Claim 1 or 2, wherein '5 
said operating unit (3c) has a longitudinal axis (30c) 
separated from said secondary axis (21) by a sec- 
ond distance greater than a radius of the secondary 
rotor (25c). 

20 

7. A machine (42) as claimed in Claim 1 or 2, wherein 
said main rotor (15) supports two said secondary 
motors (24a) (24b), each having a respective sec- 
ondary axis (21a) (21 b) perpendicular to said plane 
and eccentric with respect to said main axis (6); 25 
each said secondary motor (24a)(24b) comprising 

a relative said secondary stator (23a)(23b) integral 
with said main rotor (15), and a relative said sec- 
ondary rotor (25a)(25b) fitted in rotary manner to the 
relative said secondary stator (23a) (23b); and each 30 
said secondary rotor (25a) (25b) supporting eccen- 
trically a respective said operating unit (3a) (3b). 

8. A machine (42) as claimed in Claim 7, wherein said 
two secondary axes (21a) (21b) are symmetrical 35 
with respect to said main axis (6). 



is always, in use, within the projection on the same 
plane of said outer lateral surface (45) (46c) of the 
other of said main rotor (15) (15c) and said second- 
ary rotor (25) (25a,25b) (25c). 

1 3. A machine (1 ) (42) (43) as claimed in any one of the 
foregoing Claims, wherein said operating unit com- 
prises an operating head (34)(34a,34b)(34c) mov- 
able with respect to said frame (2) along at least one 
further longitudinal axis (30) parallel to said main 
axis (6) and said secondary axis (21)(21a,21b). 



9. A machine (42) as claimed in Claim 7 or 8, wherein 
each said operating unit (3a) (3b) extends through 

the relative said secondary rotor (25a) (25b). 40 

10. A machine (1) (42) (43) as claimed in one of the 
foregoing Claims, wherein said main electric motor 
(14) (14c) and said secondary motor (24) (24a,24b) 
(24c) are electric torque motors. 45 



11. A machine (1) (42) (43) as claimed in any one of the 
foregoing Claims, wherein said frame (2) is a sub- 
stantially cylindrical frame. 

12. A machine (1 ) (42) (43) as claimed in any one of the 
foregoing Claims, wherein said main rotor (15) 
(1 5c) and said secondary rotor (25) (25a,25b) (25c) 
have respective cylindrical outer lateral surfaces 

(45) (45c) (46) (46a,46b) (46c); and wherein the 
projection on said plane of said outer lateral surface 

(46) (46a,46b) (45c) of one of said main rotor (15) 
(15c) and said secondary rotor (25) (25a,25b) (25c) 



50 
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